Woody breast meat has recently become prevalent in the broiler industry in both the United States and European Union. Recent publications have described the meat quality characteristics of woody breast meat as having hardened areas and pale ridge-like bulges at both the caudal and cranial regions of the breast. The present study investigated the meat quality (pH, color, cooking loss, and shear force) and protein quality characteristics (protein and salt-soluble protein content) in woody breast meat as compared to normal breast meat. In addition, the differences in the muscle proteome profiles of woody and normal breast meat were characterized. Results indicated that woody breast meat had a greater average pH (P < 0.0001) and cooking loss (P = 0.001) than normal breast meat, but woody breast meat did not differ in shear force (P > 0.05) in comparison to normal breast meat samples. The L * , a * , and b * values of woody breast fillets were greater than normal breast fillets (P < 0.0001 to L * ; P = 0.002 to a * ; P = 0.016 to b * ).
INTRODUCTION
For several decades, genetic improvements in chicken production have improved growth rate and body size, resulting in a higher yield of breast meat in broilers. With the increased quantitative yield, defective abnormalities in muscles also have been found. These abnormalities include deep pectoral myopathy (DPM) (Siller, 1985) , pale-soft-and-exudative (PSE)-like condition (Barbut, 1993) , and white striping in breast meat C 2017 Poultry Science Association Inc. Received January 14, 2017. Accepted September 7, 2017. 1 Corresponding author: schilling@foodscience.msstate.edu (Petracci and Cavani, 2012) . Although pectoralis minor muscles affected by DPM will be trimmed during processing, the remaining breast meat is downgraded, resulting in economic loss for the poultry industry. Similarly, the PSE-like and white striping deficiency conditions not only downgrade the appearance, but impair meat quality traits, such as the water-holding/binding capacity, during processing and storage (Petracci and Cavani, 2012) . Much is known about these conditions, but they are still difficult to prevent due to the high consumer demand for poultry meat and increased poultry production.
In 2013, the broiler industry began to experience a defect in breast meat that is similar to DPM and characterized by hardened areas and pale ridge-like 337 bulges at both the caudal and cranial regions of the breast. Sihvo et al. (2014) characterized this breast meat defect as "wooden breast" in Europe, whereas Owens and coworkers (Owens, 2016; Tijare et al. 2016 ) characterized this as "woody breast" meat in the United States with classifications as slight, moderate, and severe. As of 2016, the broiler industry in the United States reported incidence as high as 30 to 50% of severe woody breast meat in broilers that are grown for 8 wk to a live weight of greater than 4.2 kg prior to slaughter (Owens, 2016) . Dridi and Kidd (2016) stated that woody breast meat is a result of a metabolic disorder that may be associated with hypoxia, since there is upregulated expression of the hypoxia-inducing factor 1 (HIF-1) gene in chickens that yield woody breast meat. The woody breast abnormality results in reduced water-holding/binding capacities in fresh and marinated broiler meat (Mudalal et al. 2015) . Woody breast samples are lighter, less red, and more yellow in appearance than normal breast meat and are characterized by a greater weight and a larger cross-sectional area (Dalle Zotte et al. 2014) . In severe cases, woody breast meat is downgraded, which leads to economic losses in excess of $200 million per year in the poultry industry (Mudalal et al. 2015; Kuttappan et al. 2016; Owens, 2016) . Sihvo et al. (2014) used microscopy and immunohistochemical staining to demonstrate fibrosis with myodegeneration and regeneration, and perivenular lymphocyte accumulation in the pectoralis major muscle of the broiler in both the live animal and the resulting meat. Histopathological changes between woody and normal breast muscle showed an increase in degenerative and atrophic fibers, variability in fiber size, floccular/vacuolar degeneration and lysis of fibers, mononuclear cell infiltration, lipidosis, and interstitial inflammation (de Brot et al. 2016; Soglia et al. 2016; Velleman and Clark, 2016) . Real-time quantitative PCR analysis has suggested that the expression level of decorin, a regulator of collagen crosslinking, was correlated with the difference of collagen organization (Velleman and Clark, 2016) . SDS-PAGE analysis indicated lesser amounts of calcium-adenosine triphosphatase (ATPase) (SERCA, 114 kDa) in normal breast as compared to woody breast . Further investigation using RNA-sequencing technology demonstrated that localized hypoxia, oxidative stress, and intracellular calcium might correlate with the production of woody breast (Mutryn et al. 2015) . In addition, Zambonelli et al. (2016) differentiated the gene expression between normal pectoralis major and abnormal breast meat that exhibited woody breast tissue and white striping. These researchers demonstrated that the production of woody breast meat with white striping was related to muscle development, the calcium-signaling pathway, polysaccharide metabolic processes, inflammation, and the synthesis of proteoglycans. However, the mechanisms that lead to the production of woody breast meat that does not exhibit white striping are minimally understood, especially at the proteomic level.
The proteome is expressed from the genome, is influenced by environmental and processing conditions, and can be seen as the reflection of the molecular link between the genome and the functional quality of meat (Bendixen et al. 2011) . Developments in proteomic technology, such as 2-D electrophoresis, mass spectrometry, and bioinformatics, are useful methods in elucidating the molecular mechanism of meat quality changes (D'Allesandro and Zolla, 2013) . Therefore, the objectives of this study were to characterize the whole muscle proteome of normal and woody breast meat from a single genetic strain of similar weight and breast size from commercial processing plants in the United States and compare their meat quality traits.
MATERIALS AND METHODS

Broiler Breast Meat Sampling
Samples of normal and woody breast (310 to 350 grams, 12 breasts per treatment per replication) chicken meat (pectoralis major) from Ross 708 broilers with similar weight and breast size were collected on 2 separate occasions from 3 commercial poultry processing plants based on finger pressure and experience with the myopathy Tijare, et al. 2016) . Sample collection happened in response to inquiries from the plants for assistance in characterizing this quality defect. Normal breast (NB) samples were characterized and verified as fillets without hardened areas on the surface, while woody breast (WB) samples were characterized as fillets with diffusing hardened areas and pale ridge-like bulges at the caudal end. This represents the moderate WB condition as described in Tijare et al. (2016) . The moderate WB condition is what was selected since it was most representative of the breast meat that was produced in the plants at the time of the study.
Each time samples were collected, breasts were bagged and transported at 0 to 4
• C to the laboratory. Upon receipt at the laboratory, superficial fat, cartilage, and connective tissues were trimmed from fillets; fillets were then stored between 0 and 4
• C until measurements were taken at 24 h postmortem. Each fillet was individually cut to acquire 4 sub-samples (S1, S2, S3, and S4) that were used for quality analyses. The first subsample (S1) was cut from the cranial section and used to measure pH. The second subsample (S2), weighing about 8 to 10 g, was cut from the caudal part, where the diffused hardened area of each fillet that exhibited WB meat and used for proteomic analyses. These samples were vacuum packaged (Prime Source Vacuum, Nylon/PE 3 mil standard barrier pouches, 6 × 8 inch, Kansas City, MO) prior to storage at −80
• C. The third subsample (S3), weighing about 80 g, was excised from the cranial part of each fillet and used for cooking loss and shear force determination and frozen at −20
• C. The last subsample (S4), the left part of the breast fillet, was excised for proximate composition and protein solubility analyses and frozen at −20
• C.
pH Measurement and Instrumental Color Evaluation
At 24 h postmortem, the S1 subsamples excised from normal (n = 12 per treatment within each replication; 24 total breasts per treatment) and woody (n = 12 per treatment within each replication; 24 total breasts per treatment) breast fillet tissues were analyzed for pH (pH 24 ) using a pH meter (Model Accumet 61, Fisher Scientific, Hampton, NH) with a meat penetrating probe (Model FlexipHet SS Penetration tip, Cole Palmer, Vernon Hills, IL). Color was evaluated (n = 12 per treatment within each replication) using a chroma meter (Model CR-400, Minolta Camera Co Ltd., Osaka, Japan) with an 8 mm port size, 2
• observer, and a D65 illuminant, and expressed as Commision Internationale de l'Eclairage (CIE) L * 24 (lightness), a * 24 (redness), and b * 24 (yellowness) (Kin et al. 2009 ) at 3 different locations (cranial, medial, and caudal) on the medial surface of each fillet. The instrument calibration was carried out using a standard white Minolta calibration plate (Model No 20, 933, 026, Osaka, Japan) .
Cooking Loss and Warner-Bratzler Shear Force Determination
Frozen S3 subsamples from normal (n = 12 per treatment within each replication) and woody (n = 12 per treatment within each replication) breast fillets were thawed overnight at 4
• C for cooking loss and shear force determinations. Samples were weighed, placed separately on aluminum foil on a baking sheet, and baked in a preheated oven (Viking, Greenwood, MS) to a final internal temperature of 77
• C. The internal temperature of the chicken samples was monitored using thermocouples and a data logger (Model UWTR, Omega Engineering, Stamford, Connecticut). After cooking, the chicken samples were cooled to room temperature (22 ± 2
• C), and residual excess moisture was removed with one paper towel prior to reweighing. Cooking loss of samples was reported as a percentage and calculated as: (initial weight-final weight)/initial weight × 100 (Kin et al. 2009 ).
The samples that were used for cooking loss determinations were then used for shear force determinations. Four adjacent 1 cm (width) × 1 cm (thickness) × 2 cm (length) strips were cut from each cooked breast, parallel to the direction of the muscle fibers. Samples were sheared perpendicular to the muscle fibers using a Warner-Bratzler shear attachment that mounted to an Instron Universal Testing Center (Model 3300, Instron, Norwood, MA) (Meek et al. 2000) .
Proximate Measurement and Salt-soluble Protein Determination
Frozen S4 subsamples from normal (n = 12 per treatment within each replication) and woody (n = 12 per treatment within each replication) breast fillets were thawed overnight at 4
• C. The samples were homogenized in a food chopper (Model, FPVMC3002, Sunbeam Products Inc., Boca Raton, FL), and the proximate composition (protein, fat, collagen, and moisture) was determined using a near-infrared spectrometer (Food Scan Lab Analyzer Model 78,800, Foss Analytical, Eden Prairie, MN) that is AOAC approved. Ground samples were packed tightly in a 140-mm sample cup prior to analysis.
For salt-soluble protein determination (n = 12 per treatment within each replication), chopped meat samples (5.00 g) from the proximate analyses measurement were combined with 25 mL extraction buffer (0.07 mM PBS, 0.5 M NaCl, pH 6.5) and mixed with a magnetic stirrer (Thermolyne, Evanston, IL) at 7-grade speed for 10 min in a 50 mL beaker. The mixture was then transferred to 50 mL centrifuge tubes and centrifuged at 10,000 x g for 10 min at 4
• C. The supernatant was vacuum filtered through Whatman #1 filter paper. The protein concentration in the filtrate of each sample was determined using the Bradford method. The results were expressed as the percentage of soluble protein with respect to the total protein content of the meat.
Whole Muscle Proteome Isolation
Whole muscle proteome of normal (n = 3 per treatment within each replication) and woody (n = 3 per treatment within each replication) breast samples was extracted according to Lametsch et al. (2003) . Frozen S2 subsamples from woody and normal chicken breast muscle (2.0 g) were homogenized (FSH 500 homogenizer, Thermo Fisher Scientific, Waltham, MA) in 8 mL rehydration buffer (7 M urea, 2 M thiourea, 3% CHAPS, 60 mM DTT, 0.3% Bio-Lyte3/10 ampholyte (Bio-Rad), and 0.001% Bromophenol blue) at 1-grade speed for 10 seconds. The homogenates were incubated on ice for 2.5 h using an orbital shaker (Bellco Glass Inc., Vineland, NJ) and then centrifuged (Sorvall RC-5C Plus Super Speed Centrifuge, Newton, Connecticut) at 10,000 × g for 30 min at 4
• C. Supernatants were collected as the whole muscle proteome.
Two-dimensional Gel Electrophoresis
Protein concentration for each whole muscle proteome extracts was determined using the Bradford assay (Bio-Rad, Hercules, CA). After protein quantification, protein cleanup (∼325 μg) was conducted using the Ready Prep TM 2-D Cleanup Kit (Bio-Rad) prior to suspending the cleaned sample in 225 μL of rehydration buffer for 60 min at 30
• C. After the pellets were solubilized, tubes were centrifuged (Eppendorf Centrifuge 5415C, Brinkmann, Instruments, Westbury, NY) at 14,000 × g for 5 min at room temperature. Cleaned protein samples (200 uL) were applied onto immobilized pH gradient (IPG) strips (pH 3 to 10, 11 cm) and subjected to passive rehydration for 14 hours. After rehydration, first-dimension isoelectric focusing (IEF) was conducted using a Protean IEF cell system (BioRad). The voltage was initially set at 250 V, with a rapid increase in voltage to 8,000 V, to achieve a total voltage of 26 kVh. Subsequently, the IPG strips were equilibrated twice for 15 min each in 4 mL of equilibration buffer 1 (7 M urea, 2 M thiourea, 3% CHAPS, 60 mM DTT, 0.3% Bio-Lyte3/10 ampholyte (Bio-Rad), and 0.001% Bromophenol blue) and 4 mL of equilibration buffer 2 (7 M urea, 2 M thiourea, 3% CHAPS, 60 mM DTT, 0.3% Bio-Lyte3/10 ampholyte (Bio-Rad), and 0.001% Bromophenol blue). The proteins were resolved in the second dimension precast SDS-PAGE (6 to 12%, Bio-Rad) using a Criterion gel electrophoresis system (Bio-Rad). For whole muscle proteome analysis, normal (n = 3 per treatment for each replication) and woody (n = 3 per treatment for each replication) samples were analyzed in duplicate, giving a total of 24 gels. The gels were stained in Coomassie Blue (Gelcode TM, Blue safe Protein Stain, Rockford, IL) for 24 h and de-stained until the protein spots on the gel surface became clear.
Gel Image Analysis
The gel images were captured using an imaging system (FOTO Analyst Luminary FX workstation, FotoDyne, Hartland, WI) prior to analysis by PDQUEST software (Bio-Rad). For comparative gel image analysis, images were divided into 2 groups. The first group consisted of NB gel images, and the second group consisted of WB gel images. Protein spots from the NB and WB meat gel images were detected, matched with the aid of landmarks, and normalized by expressing the relative quantity of each spot (ppm) as the ratio of individual spot quantity to the total quantity of valid spots. Protein spots were considered differentially abundant between NB and WB groups when they exhibited a 1.5-fold or more intensity difference that was associated with a 5% statistical significance (P < 0.05) in the Student's t test (Joseph et al. 2012) .
Protein Identification by Mass Spectrometry
The excision, reduction, alkylation, and in-gel tryptic digestion of protein gel spots were carried out according to Desai et al. (2014) . Extracted peptides were concentrated by vacuum centrifugation and injected for nano-LC-MS/MS analysis. LC-MS/MS analysis was performed using an LTQ-Orbitrap mass spectrometer (Thermo Fisher Scientific, Waltham, MA) coupled with an Eksigent Nanoflex cHiPLC TM system (Eksigent, Dublin, CA) through a nano-electrospray ionization source. The mass analysis method consisted of one segment with 8 scan events. The first scan event was an Orbitrap MS scan (100 to 1,600 m/z) with 60,000 resolutions for parent ions followed by data dependent MS/MS for fragmentation of the 7 most intense ions with the collision induced dissociation (CID) method. The LC-MS/MS data were submitted to a local MAS-COT server for MS/MS protein identification via Proteome Discoverer version 1.3 (Thermo Fisher Scientific) using a custom database of Gallus gallus (chicken) downloaded from Uniprot.
Statistical Analysis
A randomized complete block design with 2 replications (trials/block) and 12 subsamples per replication for each of the WB and NB conditions was utilized to test the treatment effects on pH, color, cooking loss, shear force, and proximate and salt-soluble protein composition (P < 0.05), and the Fisher's Protected LSD was utilized to separate means when a significant effect was observed. All data were analyzed using the GLM procedure of SAS 9.4.
RESULTS AND DISCUSSION
pH and Instrumental Color
On average, WB fillets had greater (P < 0.0001) pH values than NB fillets (Table 1) . Cando (2016) reported similar results in a recent study, wherein WB and NB had average pHs of 6.07 and 5.83, respectively. WB fillets exhibited greater CIE L * (P < 0.0001), CIE a * (P = 0.002), and CIE b * (P = 0.016) than WB fillets, which indicates that WB fillets were lighter, more red, and more yellow than the NB fillets. These results confirm those of Cando (2016) and Dalle Zotte et al. (2014) , who reported that WB were lighter, yellower, and redder than NB fillets. In contrast, Zambonelli et al. (2016) reported that meat that exhibited both WB meat and white striping was darker than normal meat with similar redness and yellowness values. This may have been because breast meat from the referenced study was woody with white striping, and the breast meat from the current study was only WB without white striping. In addition, this may be partially due to differences in commercial stunning methods between the United States and the European Union (Joseph et al. 2013) .
Cooking Loss and Warner-Bratzler Shear Force Determination
The cooking loss of WB fillets was greater than that of NB fillets (P = 0.001) ( Table 1 ). This result does not correspond to the general understanding of the effect of pH on cooking loss. A high pH in breast fillets means the muscle proteins are farther from the isoelectric points, which leads to increased waterholding capacity (Barbut et al. 2008) . Therefore, the WB condition would logically lead to less water loss during cooking, since the pH of the woody breast meat is greater than that of normal meat. However, this is not the case. Therefore, the structure of the muscle tissue must lead to the increased cooking loss. These results confirm those of Dalle Zotte et al. (2014) and Soglia et al. (2016) , who indicated that chicken pectoralis major muscles with the WB abnormality had greater ultimate pH and higher cooking loss than normal breast. There was no difference in shear force (P = 0.461) between WB and NB broiler breast meat (Table 1) . This was unexpected, since WB is considered to be less tender when compared to NB meat. However, previous studies also showed no evident differences in shear force between WB and NB that were either marinated or non-marinated (Mudalal et al. 2015) . These results are also consistent with shear force results reported by Tijare et al. (2016) and Owens (2016) . This indicates that either WB meat does not suffer from the tenderness issues or that only the portion of the breast meat that is woody is not tender. These results differ from those of Soglia et al. (2016) and Zambonelli et al. (2016) , who reported that both WB meat and WB meat with white striping were tougher than normal meat. These differences may be due to the evaluation methods that were used to quantify tenderness. Texture profile analysis and Allo Kramer shear force were used in the referenced studies, which may be a more representative measurement of texture than Warner-Bratzler shear, since more of a complete portion of the breast sample is evaluated.
Composition and Salt-soluble Protein Measurements
WB fillets contained greater fat (P < 0.0001) and moisture content (P = 0.021) and less protein (P < 0.0001) and salt-soluble protein (P = 0.021) than NB fillets (Table 1) . No notable difference in collagen (P = 0.429) existed between WB and NB meat samples. Soglia et al. (2016) also reported that woody chicken pectoralis major had greater fat and moisture percentages and a lower protein percentage than that of normal breast. However, that study found that more collagen existed in WB muscle, which contributed to the decrease in grade and nutrition value. These differences in the chemical composition are likely due to progressive myodegeneration and regeneration of muscle tissue as well as the deposition of connective tissue or fibrosis (Sihvo et al. 2014; Soglia et al. 2016; Zambonelli et al. 2016 ). The lesser salt-soluble protein percentage in WB in comparison to NB meat is indicative of protein denaturation that would lead to greater cooking loss, less marinade uptake, and less protein binding and waterholding capacity in processed meat products.
Whole Muscle Proteome Analysis
Image analyses of the whole muscle proteome gels revealed 8 differentially abundant protein spots between WB and MB (pectoralis major) meat samples ( Figure 1, Table 2 ). Among these protein spots, 6 were overabundant (P < 0.05) in WB meat samples. These proteins were identified as myosin regulatory light chain 2 (Spot 1 in Figure 1 ), 14-3-3 protein gamma (Spot 2 in Figure 1 ), serum albumin (Spot 3 in Figure 1 ), protein deglycase DJ-1 (Spot 4 in Figure 1 ), phosphoglycerate mutase 1 (Spot 5 in Figure 1) , and carbonic a Spot number refers to the numbered spots in gel image (Figure 1) . anhydrase III (Spot 8 in Figure 1 ; Table 2 ). Two proteins were overabundant (P < 0.05) in NB samples and were identified as creatine kinase M type (Spot 6 in Figure 1 ) and triosephosphate isomerase (Spot 7 in Figure 1; (Table 2) . Phosphoglycerate mutase and triosephosphate isomerase. Phosphoglycerate mutase (PGM) and triosephosephate isomerase (TPI) are enzymes associated with glycolytic pathways. PGM was overabundant (P < 0.05) in WB meat (Table 3 ). This enzyme converts 3-phosphoglycerate to 2-phosphoglycerate during glycolysis. TPI was overabundant (P < 0.05) in NB meat (Table 3) . TPI is an essential enzyme in all living cells and also has an important role in glycolysis. During glycolysis, TPI catalyzes the conversion of dihydroxyacetone phosphate to glyceraldehyde-3-phosphate. Glyceraldehyde-3-phosphate and NAD+ are further catalyzed by glyceraldehyde-3-phosphate dehydrogenase to reversible conversion of NADH and 1,3-bisphosphoglycerate, which in turn favors the generation of phosphoglycerate and ATP (Kim and Dang, 2005) . Similar to TPI, PGM functions in catalyzing a key step in anaerobic ATP regeneration of skeletal muscle. Analysis of thigh meat of Korean native chicken found that the expression level of phosphoglycerate mutase 1 (PGM-1) protein was higher than in commercial broilers (Xian et al. 2012) . The higher level of PGM-1 suggested that Korean native chicken needs more metabolic energy for growth and muscle maintenance than commercial broilers (Xu et al. 2009 ). Teltathum and Mekchay (2009) reported that the abundance of TPI and PGM-1 spots was positively correlated with extended aging (0 to 18 wk) in Thai indigenous chicken.
In the present study, intensity of TPI (spot 7 in Figure 1 ) was 1.54 times greater in NB as compared to WB. However, the spot intensity of PGM (spot 6) was found to be 6.32 fold greater in WB as compared to NB. The greater expression of PGM in comparison to TPI might account for the proteolysis and oxidation modification in the WB meat since the greater expression of phosphoglycerate mutase 2 (PGM-2) with TPI has consistently resulted from protein degradation and oxidation (Stagsted et al. 2004; Terova et al. 2011) . These results differ from those of Soglia et al. (2016) and Zambonelli et al. (2016) , researchers who conducted similar research on the differences in proteomic and genetic expression between WB meat, with and without white striping, and NB meat. These researchers indicated the presence of TPI and PGM in WB and NB meat, but that their relative abundance did not differ between WB and NB meat. These differences may be attributable to variations in methodology used to analyze muscle proteome. In the current study, 2-D electrophoresis was used, the whole muscle proteome was extracted, and mass spectrometry was used to identify the protein spots. In Soglia et al. (2016) , 2-D electrophoresis was used to separate proteins, but the sarcoplasmic and myofibrillar proteins were isolated separately, and mass spectrometry was not used to identify the protein spots. In Zambonelli et al. (2016) , 1-D SDS PAGE was used, and the sarcoplasmic and myofibrillar proteins were isolated separately. In addition, these researchers evaluated WB with white striping and determined differential genetic expression in the woody meat.
Creatine kinase M-type. Creatine kinase is an enzyme that catalyzes a reversible reaction in which ATP can be generated from adenosine diphosphate (ADP) utilizing creatine phosphate (CP) (Yamashita and Yoshioka, 1992) . In the present study, Creatine kinase M-type (CKM) was overabundant (P < 0.05) in NB (Table 3 ) when compared to WB. This result has previously been reported by Zambonelli et al. (2016) and Soglia et al. (2016) . CP is a chemical compound that serves as storage for the high-energy phosphate that is necessary to regenerate ATP from ADP. CP availability is crucial during times of high-energy demand by skeletal muscles, such as during intense exercise (Wallimann et al. 1998) . In all species, death is accompanied by an inability to deliver oxygen within the body, and subsequent anoxia. When normal state processes are halted, many of the biochemical reactions that are present in the living state retain some degree of activity in the nonliving state. These reactions are responsible for profound quality changes during storage, including the increase in CK postmortem (Di Luca et al. 2013) . With the postmortem increase of CKM, more ATP and phosphate are generated, resulting in lesser pH and greater tenderness (Zapata et al. 2009 ). Previous research indicated a higher expression of CKM, lower pH, and more tender meat in gas-stunned broilers when compared to their Halal counterparts, which might be associated with a higher demand for energy during hypoxia (Zapata et al. 2009; Bjarnadóttir et al. 2012) .
Previous research in our lab on broiler breast meat quality revealed that the abundance of CKM protein spots was greater in PSE breast than in normal breast (Desai et al. 2016) . Laville et al. (2005) reported similar results in PSE zones in porcine semimembranosus muscle when compared with normal muscle. A decreased abundance of CKM and higher pH (pH > 5.98) was observed in WB muscles in the current study, suggesting a slower or lower energy metabolism in WB meat.
Carbonic anhydrase III. Carbonic anhydrase III (CA-III; spot 8 in Figure 1 ) was 2.50 times more abundant (P < 0.05) in WB fillets than NB fillets (Table 3). These results differ from those of Soglia et al. (2016) and Zambonelli et al. (2016) , who reported no differences in carbonic anhydrase expression between woody and normal meat. These differences may partially be due to variations in the methods employed for protein extraction, proteome analysis, and broiler stunning. CA-III is a zinc-containing enzyme that catalyzes the reversible hydration of carbon dioxide. The homology of the CA-III gene is conserved in human, chimpanzee, rhesus monkey, dog, cow, mouse, rat, frog, and chicken. Zimmerman et al. (2004) reported that CA-III plays an important role in scavenging oxygen radicals and thereby protecting cells from oxidative damage in muscle. Vasilaki et al. (2007) previously reported that the formation of 3-nitrotyrosines in response to oxidative stress in CA-III may provide a sensitive marker of oxidative stress in skeletal muscles. However, this gene was not previously identified as over or under regulated by Zambonelli et al. (2016) , so additional research would need to be conducted to confirm a relationship between CA-III expression, gene expression, and the production of WB meat. Mutryn et al. (2015) reported that the antioxidative enzymes glutathione peroxidase 7 and 8 (GPX7, GPX8) were upregulated in woody chicken breast meat. GPX7 and GPX8 have been reported to provide antioxidant functions against high levels of reactive oxygen species (ROS) in order to combat oxidative damages. So, the differential expression of GPX7 and GPX8 suggests the occurrence of oxidative stress within the WB muscle. Although we did not directly evaluate the ROS in the present study, the greater abundance of CA-III in WB when compared to NB supports the presence of enhanced oxidative stress in WB muscle.
Protein deglycase DJ-1. Protein deglycase DJ-1 (Spot 4 in Figure 1 ) was overabundant (P < 0.05) in WB fillets (Table 3) . This protein has multiple functions, including eliminating ROS and transcriptional regulation as a coactivator; a deficiency of these functions is linked to the onset of Parkinson's disease in humans (Taira et al. 2004; Sekito et al. 2006) . Previous studies indicated that protein deglycase DJ-1 is involved in the early biochemical changes postmortem. It was reported that the quantity of DJ-1 proteins from the total protein fraction of bovine longissimus muscle increased as aging time increased (Jia et al. 2007; Laville et al. 2009 ). In contrast, Marino et al. (2014) reported that there was less DJ-1 protein expressed in the sarcoplasmic protein fraction in beef muscle as aging time increased. Overabundance of this protein indicates both an increased oxidative stress and need for deglycation of amino acids (Sayd et al. 2006) . The presence of DJ-1 was not mentioned in previous research on the protein and genetic expression of WB meat Zambonelli et al. 2016 ). Therefore, the overexpression of this protein and relationship to gene expression would need to be evaluated in subsequent research.
14-3-3 protein gamma. 14-3-3 protein gamma (Spot 2 in Figure 1 ) was 1.98 times more abundant (P < 0.05) in WB in comparison to NB (Table 3 ). 14-3-3 protein gamma is a member of the 14-3-3 family, which are conserved adapter proteins that are involved in the regulation of a multitude of functionally diverse signaling proteins, including kinases and phosphatases (Fu et al. 2000; Tzivion and Avruch, 2002) . As an auxiliary regulatory protein, 14-3-3 protein gamma may play a role in the contraction of muscle during rigor and thus may have an effect on meat tenderness (Lametsch et al. 2006) . The proteome analysis of porcine longissimus dorsi muscle samples from 48 h postmortem previously indicated that the expression level of 14-3-3 protein gamma was greater when meat was more tender (Lametsch et al. 2006) . Laville et al. (2009) also reported that 14-3-3 protein gamma was overabundant in beef longissimus thoracis muscle that was tender as a result of aging. 14-3-3 protein gamma also regulates the expression of heat shock protein during oxidative stress (Chernik et al. 2007) . Despite the overabundance of 14-3-3 protein gamma in WB in the current study, there was not a notable difference in shear force between NB and WB meat, which indicates that the overabundance of 14-3-3 protein gamma may have been due to oxidative stress in WB muscle.
Myosin regulatory light chain 2. Myosin is composed of 2 myosin heavy chains (MHC) and 4 myosin light chains (MLC). Two of these 4 myosin light chains belong to the myosin regulatory light chain (Rayment et al. 1993; Au, 2004 ). In the current study, myosin regulatory light chain 2 (MRLC-2) was overabundant (P < 0.05) in WB. Stella et al. (2011) previously reported that there was a decreased expression of MRLC-2 after the administration of dexamethasone in beef cattle. Although the relationship between MRLC-2 and meat quality is minor, high levels of MRLC-2 may lead to a greater concentration of fast-glycolytic muscle fibers and decreased pH. However, in our present study, a higher expression level of MRLC-2 was found in WB muscle, which may be indicative of a greater concentration of fast-glycolytic muscle fibers, even though the pH was not decreased. These results are in contrast to results by Soglia et al. (2016) and Zambonelli et al. (2016) , who both reported a lower relative abundance of myosin light chain 1 in WB meat in comparison to normal meat, but no difference in abundance for myosin light chain 2. The observed differences on the abundance of myosin light chains between the aforementioned studies and the present study could be attributed to the variations in the proteome extraction method. Further research would need to be conducted to evaluate these differences.
Serum albumin. Serum albumin (Spot 4 in Figure 1 ) was 2.0 times more abundant (P < 0.05) in WB in comparison to NB (Table 3) . Serum albumin is the main protein in plasma. It is important in regulating osmotic pressure so that molecules can pass through cell membranes. Laville et al. (2009) reported that serum albumin spots were more abundant in beef longissimus thoracis muscle samples that were tender in comparison to those that were tough samples at zero d postmortem. Despite the difference in abundance of serum albumin in the present study, no significant difference was observed in the shear force between WB and NB. Previous research suggested an increase in ROS in WB muscles (Mutryn et al. 2015) , which might result in the increased abundance of serum albumin in WB breast.
In summary, meat quality traits in the present study confirmed the previous research findings that WB meat is of lower quality than NB meat, as indicated by its paler color, lower water-holding capacity, lower total protein and salt-soluble protein percentages, and greater fat percentage (Dalle Zotte et al. 2014; Cando, 2016; Soglia et al. 2016 ). The differences in muscle proteome between NB and WB meat indicate increased oxidative stress and differences in the relative abundance of glycolytic proteins in WB meat when compared to normal meat. In addition, the abundance of glycolytic enzymes, critical to regeneration of ATP in postmortem muscles, was lower in WB meat than in NB meat. These data are complementary to the findings reported by Soglia et al. (2016) and Zambonelli et al. (2016) , which demonstrated differences in the abundance of 10 glycolytic proteins between WB meat (with and without white striping) and normal quality meat. There were differences in the protein abundance between the present study and the aforementioned 2 studies, which may be due to differences in the analytical methods employed, severity of the WB condition, and differences between European and Unites States stunning and slaughter methods. From the current study, it can be seen that, compared to NB meat, there are proteomic differences in moderate WB meat from the commercial broiler industry in the United States pertaining to oxidation and glycolysis. This adds information to the literature pertaining to WB meat. Based on literature, the exact mechanism of the production of WB meat is still unknown. However, Owens (2016) has characterized the muscle quality and incidence of WB meat in the Unites States Poultry Industry. Dridi and Kidd (2016) have indicated that hypoxia likely contributes to the production of WB meat. Zambonelli et al. (2016) differentiated the genetic expression between WB meat with white striping and normal meat and traced differences in genetic expression to glycolysis, oxidation, calcium signaling pathways, proteoglycan and polysaccharide synthesis and formation, and inflammation. Kuttappan et al. (2016) also reported that lack of vascularity and ischemia are likely associated with WB meat and that lack of oxygen and lack of blood flow contribute to the production of WB meat. Further research, employing proteomic and genomic analysis, is required to elucidate the cellular pathways and to determine the biochemical mechanisms leading to the production of WB meat and to engineer strategies to prevent this quality defect.
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